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Evaluating Climate Model Simulations of Clouds, Radiation, and Precipitation
Robert Pincus and Crispian Batstone, CIRES/Univ. Colorado and NOAA Earth System Research Lab

Karl Taylor and Peter Gleckler, PCMDI/Atmospheric Sciences Division, LLNL

From forecast skill…

… to cloud metrics

Don’t try to read the numbers

Weather forecasts have improved steadily since the 
advent of NWP in the 1980s. We know this because 
forecast skill has been measured uniformly over time 
using simple metrics. 

Forecasts are verified
• using low-order statistical measures: bias, RMS error, 
anomaly correlation 
 • against 1) analyses and 2) point observations
• using aspects of the flow: temperature and winds on 
select levels; sea-level pressure; geopotential height

Clouds and radiation are not part of forecast verifica-
tion (and precip. scores are not exchanged)
• Verifying datasets are harder to come by: 
1) clouds are a by-product of the analysis (cloud obser-
vations aren’t assimilated),
2) point measurements are subject to large sampling 
errors
• cloud processes feed back on the flow fairly slowly

Quantities and datasets (primary/secondary)
• Net, SW, LW cloud radiative effect vs. CERES (ERBE)
• Cloud fraction vs. ISCCP (MODIS)
• Surface precipitation vs. GPCP (Xie-Arkin)
• Net, SW, LW fluxes vs. CERES (ERBE)

Low-order statistical summaries
• RMS error; bias; centered RMS error; correlation; 
σmodel/σobs

• Statistics computed over space (area-weighted) and 
mean annual cycle

Time and space domain
• Datasets averaged, re-grided to form mean annual 
cycle on 2.5° grid
• Models evaluated using 1979-1999
• Ensemble are averaged

Participating models
• 20th Century and AMIP runs from IPCC AR4 archives 
• “IPCC mean model:” average  across all models
• “Super-parameterized” CAM (1986-1999)
• ERA-40 24 hr. accumulated fields from 12Z analyses
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 Net Flux

 Net CRE

OLR

 LW CRE

 Net SW

 SW CRE

 CF

 PR

Results in each row are shaded linearly to denote dis-
tance from perfect agreement: runs 
closest to the observations are blue; 
furthest from the observations are red 
The second set of obs is shaded on the same scale

Notice: 

• In almost all cases models are further from the ob-
servations than the secondary data set
• No model does best on all scores, though some do 
well on many
• The “IPCC mean model” is closer to the observations 
than any individual model on many scores
• There is no dramatic change in relative skill between 
20thC and AMIP runs of the same model
• The SuperCAM is not uniformly closer to the obser-
vations then the CAM, according to these measures
• ERA-40 is further from the observations than most 
climate models

Scoring the IPCC AR4 models

Bias is denoted with a shaded polygon 
(units from radial axes). Black outlines 
mean positive bias; yellow outlines mean 
negative. 

AMIP runs are blue; 20thC runs are grey
Lines connect runs of the same model

Special models: 
• IPCC mean: squares
• SuperCAM: green (c.f. CAM, stars)
• ERA-40: pink
• Secondary observations: red

Taylor diagrams for cloud metrics

Key

Climate models have not been evaluated consistently 
across time or across models
• Climate models are built to project change but can 
only be evaluated against the present day climate
• Evaluation is necessarily statistical, but it’s not known 
which statistics are relevant for climate change
• There is no routine context for climate models. 

Climate models have changed a lot since 1990, but the 
range of climate sensitivity has not decreased much. 
Are we making progress? How can we show progress? 

Climate model evaluation would likely include clouds 
and  radiation
• Clouds and cloud feedbacks drive much of the range 
in climate response between models
• Observations for statistical evaluation are very good

This poster describes a set of metrics for evaluating 
the simulation of present-day clouds, radiation, and pre-
cipitation by climate models. We show these scores for 
the models that participated in IPCC AR4. 


